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This invention relates .to copolymers-of fatty 
off modifiedpolyesters and vinyl monomers-hav- 
ing particular utility as fast air drying.and, bak- 
ing-type coating vehicles» More particularly, it 
relates to soluble and fusible copolymersprepared 
by copolymerizing under conditions precluding 
gelation, certain vinyl, monomers» for example 
styrene, and a fatty oiL modified resinous poly- 
ester which is obtained by co-esterifying a poly- 
hydric alcohol; a fatty off substantially free.from 
conjugated double bonds or the fatty acids de- 
rived therefrom, and-certain dibasicadducts, for 
instance, the adduct of ma-leic anhydride and 
cyclopentadiene, also knovn as cis-36-endometh- 
ylene delta-4-tetrahydrophthalic anhydride. 
Heretofore, if has been known that vinyl 
monomers such as styrene, when heated in ad- 
mixture with polyesters prepared by esterifying 
a polyhydric alcohol and an unsaturated di- 
basic acid such as maleic or fumaric, re- 
acted rapidly to form infusible gels which 
were generally insoluble in solvents for un- 
modified polystyrene or the polyesters. If is 
also known that fatty acid or fatty off modi.- 
fied esters of unsaturated dibasic adducts 
and polyhydric alcohols form an insoluble co- 
polymer when heated in admixture with vinyl 
mon0mers such as styrene. The infusible gels 
are not suitable for coating purposes in view of 
their insolubility in conventional organic, sol- 
vents. O.n the other hand, an unreacted mixture 
of vinyl monomer and a polyester resin prepared 
from polyhydric alcohol and an unsaturated 
dicarboxylic acid has limited nsefulness as a 
coating vehicle in that heating is required to set 
the coating by copolymerization of the in- 
gredients, and .nearly all of the vinyl monomer 
escapesby volatilization when heated under such 
conditions. 
As one of the objects of the.present invention» 
if is proposed to copolymerize selected vinyl 
monomers with fatty oil.modified polyesters in 
a manner avoiding gelation and yielding fusible 
copolymers soluble in ai. least some one or more 
organic solvents, which are solvents for the poly- 
mers of the vinyl monomers polymerized in the 
absence of the polyester. 
Another object of the present inventionis the 
more rapid production of such fusible and soluble 
copolymers by the use of suitable catalysts. 
Still another object is the preparation of coat- 
ing vehicles capable of drying to hard adherent 
coatings by volatilization at. room temperature 
of the solvent or. solvents in the vehicle. 
These and other objects as will be hereinafter- 

2,600,457 
COPOLYMERS OF FATTY OIL MODiFIED 
POLYESTERS AND VINL MONO1VIERS 
John Wynstra, Bloomfield, N. J., assignor to 
Union Carbide and Carbon Corporation,a.cor.- 
poration.of New York 
No Drawing. Application Februäry 28, !950 
Serial No. 146929. 
12 .Claires. (CI. 260_--22) 

2 
apparent are acComplished by copolymerizing_ in 
the  presence, of a .solvent for the resultant co- 
polymer, a suitable.vinyl monomer, with. ai suit- 
able fatty off modified polyester resin: In gen- 
S eral the polyester: resins applicable are.those hav- 
ing-a fatty, off content of at leasç 50. percent- by 
weight,-and containing a calculated average, of. 
a-t  least about one and not more, than-three dit 
basic- adduct residues or groups, per polyester 
10 moIecule. 
OEn the absence...óf .a.suitable solvent, copoly 
meriZatien:of the vinyl monomer-and-.the.poly 
estev proceedsrapidiy a' tempevatures of the or 
 der of- 100 ° to. 150ç C to yeld within: l( :tO. 30 
1 minutes' reaction tme an- infusible gel con- 
taminated with appreciable amounts of unre- 
acted or unpolymerized vinyl monomer. But in 
the presence-of a solvent, the copolymerization 
reaction changes in character from a practically 
20 instantaneous gelation reaction to one requiring 
from about_6 fo 72 hours for. substantially all the 
available vinyl monomer present in the reaction 
mass to. copolymerize with the polyester, and 
which yields as a final product; a fusible, soluble 
2 resinous, mass, in Contradistinction to the- in 
soluble gelled masses of the prior art. De,pire 
such long veaction: cycles, there is no danger 
forming :a gelled raass, provided that a sufllcient 
concentration of solvent is present in the reac 
30 tion system. The practical minimum solvent 
concentration is about 10 per cent by weight of 
the total reaction system in. the instance of. a 
polyester resin having one or slightly more ad- 
duct groups per:average ester .molecuie: As the 
35 number- or adduct..groups increases. £owards the 
pm'missible,maximum of. three per averageester 
molecule, highe _solvent concentrations: are 
round, necessary: to.. aFoid., ge!a-tion, particularlS 
in the. later.stages of,the copolymerization: 
40 action n attempting to. complete the cpoly» 
merizatio .of smll, residul amounts .of unre- 
acted: vinyl: monomer With polyester resins of 
a higher content of Calculated adduct graups per 
molecule (2:.tò.3) solvent concentrations, of'the 
45 order of 5ff per cent and. upwards to. abou 90 
per-: cent are genevally required, to-prevent .gela- 
tion. 
 Different. solvents.in the. copolymerization re- 
action- do-no, appreeiably aIter the reaction.rte 
5O or per: cent: conversion of vinyl monomer to-co- 
polymer, provided a -sulticient-.catalyst concen- 
tration .is ,maintained,: There is .however, an 
appreciable -variation in. the ViScosities- of theco- 
polymer reaction products made.-with different 
55 solvents,, as, measured- on-the.soluti0ns-of, the co- 



poÏynlos in the respective solvents present dur- 
ing the reaction. 
In illustration thereof, copolymer reactions 
were ruade in various organic solvents repre- 
sentative of ethers, esters, ketones, aromatic hy- 
drocarbons, terpenes, and the lower, water-solu- 
ble fatty acids. The conditions of the reaction 
were a refluxing temperature at atmospheric 
pressure of 140°-150 ° C. for a total of seven 
hours. The reaction mass in each case com- 
prised equal parts of styrene monomer and a 
polyester ruade from soya off, glycerol and the 
cyclopentadiene adduct of maleic anhydride, the 
polyester having a calculated average of 1.5 ad- 
duct groups per molecule. The reaction mass 
contained a 20 per cent by weight concentration 
of solvent in each instance, and cumene hydro- 
peroxide was used as the catalyst, an 0.25 per 
cent quantity by weight as calculated on the re- 
actants (polyester and .vinyl monomer) being 
added at the start of the reaction, with addi- 
tional 0.25 per cent quantities being added after 
each hour for a total of six additions, equivalent 
to 1.50 per cent total. 
As shown in Table I» hereinafter, the percent- 
age conversion of styrene monomer te copolymer 
solids was substantially the saine within a few 
per cent for the various solvents. The viscosi- 
ries, however, ranged from a low of 19 poises to 
a high of 175 poises, the viscosity measurements 
as well as actaal solid contents being ruade on 
the reacted materials diluted with the solvent 
present during reaction to 72 per cent solids 
(theoretical) to yield a final non-volatile con- 
tent of approximately 70%. 
Table I 

Solvent 

acetophenone ................... 
amyl acetate .................... 
n-butyl ether ................... 
chlorobeazene .................. 
cumene ......................... 
cyclohexanone .................. 
diethylene glyccl diethq ether_- 
dipentene ....................... 
propionic acid 1 ................. 
xylene .......................... 
xylene-carbon tetrachloride 
mixture (95:5) ................ 

Per Cent 
Solids 

69.1 
69.4 
68.4 
69.2 
69.1 
70. 2 
69. 2 
68.9 
68.7 
69. 3 
69.2 

Per ( ent 
Styr ne 
Cop 
meri 
92. 0 
90,0 
92, 2 
91,8 
95. 0 
92.0 
91.0 
90.9 
92.0 

92, 2 

Viscosity 
in poises 
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solvents (amyl acetate, butyl propionate, dibutyl 
phthalate and the ]ike) are surprisingly inm't in 
the copolymer reaction when peroxide catalysts 
are present to accelerate the reaction. In the 
5 absence of catalyst, however, some ester 
change with the polyester can occur because of 
the much longer reaction rime required at reflux 
temperatures. 
The copolymerization reaction in the presence 
]0 of solvent can be safely accelerated by the use 
of catalysts which are capable of yielding free 
radicals at the reaction temperature. The per- 
oxide catalysts meet this requirement and par- 
ticularly di-tertiary-butyl peroxide, cumene hy- 
5 droperoxide and the like which bave a. reason- 
able du_ration (half-life) at reaction tempera- 
tures as high as 125°-150 ° C. In general, the 
peroxides have been round fo reduce the reac- 
tion rime for substantially complete copolymer- 
20 ization of ail the original charged weight of vinyl 
monomer in a reaction mass to a rime cycle of 
about 6 to 12 hours. On the other hand, ionic- 
type catalysts, for example, boron trifluoride and 
acid-activated fuller's earth are hot satisfactory, 
25 yielding resinous products lacking in air drying 
properties. Catalysts other than the peroxide 
type which have been round to promote the 
reaction include diazoaminobenzene, tetraphen- 
yl hydrazine, and azo-bis-isobutyro-nitrile; of 
30 these, the tetraphenyl hydrazine was the Ieast 
efficient whereas the other two promoted a co- 
polymerization rate substantially the saine as 
many of the peroxides. 
In addition fo the peroxide catalysts hitherto 
5 speciflcally identifled, other peroxide catalysts 
round to be effective in promoting the copolymer- 
ization reaction are benzoyl peroxide, p-chloro- 
benzoyl peroxide, t-butyl perbenzoate, t-butyl 
perphthalic acid, t-butyl hydroperoxide, bis (t- 
40 butyl peroxy) butane, methyl amyl ketone perox- 
ide and dibenzal diperoxide. 
The peroxides and other catalysts, yielding îree 
5 
75 radicals by thermal decomposition, even when 
55 employed in small amounts of the total charge 
90 of reactants cause a vigorous exothermic re- 
6 5 
175 action of the reactants. For this and economic 
33 reasons, the catalysts are generally used in small 
32 quantities, being generally less than about 5 
per cent of the charge weight of reactants. Fur- 
9 thermore, the total amount oï catalyst is more 
50 effectively employed by adding it in increments 
as the reaction proceeds. In the absence of 
catalysts copolymers are formed of much higher 
viscosities and with a greater tendency to gel 
55 during the copolymerization reaction. 
The vinyl monomers capable of copolymeriz- 
ing with the polyesters having an average of 
from 1 to 3 calculated dibasic adduct groups per 
molecule to yield homogeneous, fusible copoly- 
mers were round to be restricted to those mono- 
6O 
mers represented by the general formula 
CH2---CHR 
wherein R is a negative group having an unsatu- 
65 rated carbon fo carbon, carbon fo oxygen, or 
carbon to nitrogen group in cnjunction with 
the vinyl group. Groups having such unsatura- 
tion in conjugation with the vinyl group are 
aryl, ketonic, heterocyclic, nitrlle, carbalkoxy, 
ï0 carboxy and amido. 
Specific vinyl monomers having utility for the 
purposes of this invention and which illustate 
"1%" as aryl (or substituted aryl) include styrene, 
halogen substituted styrenes such as ortho chloro 
75 styrene, para-iodo styrene, fluoro styrene, di- 

t The propionic acid run required 8 rather than 6 cumene hydro- 
peroxide additions to bring the quantity of syrene copolymerized 
up to 90.9 per cent. 
Aliphatic hydrocarbon solvents such as the 
commercial mineral spirits, benzine, naphtha and 
the like which consist largely of aliphatics, have 
limited utility because of their poorer solvency 
properties for many of the copolymers, particu- 
larl: those prepared with vinyl monomers in 
amounts exceeding 40 per cent by weight of the 
reaction .mass, although with reaction systems of 
40 per cent or less of a vinyl monomer such as 
styrene, gel-free copolymers can be successfully 
prepared, ttowever, when the aliphatic hydro- 
carbons are employed in admixture with aro- 
matic hydrocarbons, copolymerization is feasible 
with larger amounts of most vinyl monomers. 
Alcohols, such as cyclohexanol, and alcohols 
having other solvating groups, such as ethylene 
glycol monoethyl ether, re poor solvents for 
most of the copolymers of this invention, and 
hence are considered usef.ul in the copolymeriza- 
tion reaction only as di!uents along with more 
powerful solvents. 
. The saturated monohydric lcohol ester type 



chlorostyrene; alk-yl ubstituted styrenes .sUch 
:aS Dra.ëthyl tyrene nd ter-tia-y butyl styree; 
ethoxy styrene and Data phenoxy styrene i11us- 
trated ether substituted aryl groups; para-di- 
methyl amino styrene fllustrates an amino sub- 
stituted aryl group; vinyl biphenyl and viny! 
naphthalene, i11ustrate aryl substituted aryl; 
Ortho. vyl-benzoic acid and ortho-vhiyl phnyl 
hCetic, acid depict the carboxyl substituted aryl 
groups. " 
Vinyl: m onomerS where "R' ' is ketonic -are -rep- 
resented by ethyl Vinyl ketone, propyl vinyl-ke 
tone and phenyl vinyl ketone. "I" as a hetero- 
cyclic group is typified by 2rvinyl pyridine, 2- 
vinyl quinoline, vinyl pyrrole/vinyl carbazole and 
vinyl thiophene. 
"I" asnitriIe is represented Solely by acryloni- 
trile, and similarly "I" as carboxy or amido 
typify only acrylic acid and acrylamide respec- 
tively. 
"I" as carbalkoxy in61ude as useful specific 
viny] monomers the alkyl acry!ates such as 
methyl crylate, butyl acrylate, octyl acrylate, 
"lauryl acrylate and cyclohexyl acry!ate; and 
aryl acrylates such as phenyl acrylate and"arat- 
kyl acrylates such as benzyl acylate. 
Other vinyl monomers in which the alpha 
.drogen atom of the vinyl 'group is replaced by a 
radical such as an alkyl group, or which lack 
onjugated unsaturation in the I grouping, 
either did n0t copolymerize or at most only se!f- 
polymerized when heaed in admixture with ' the 
adduct polyester resins. For instance, vinyl ace- 
tate, vinyl chloride and vinyl 2-ethylhexyl ether, 
neither copolymerized nor polymerized in the 
presence of the polyester and a peroxide catalyst. 
Methyl isopropenyl ketone and ethyl methacry- 
late after several hours, reaction yielded a two 
DlïseNyStem of polyester and polymerize'd mono- 
nier. No polymerization 'or copo!ymeriztion 
effets were noted in refiuxing .for Several hours 
a suitable adduct polyésterresin with Vinyl mono- 
mersin which the beta-hydrogen is substituted, 
for exaniple indene and the alkyl maleates or 
fmnartes. Alpha-acetoxystyrene and ethyl 
alphachloro-aCrylate in Which the a!pha hydro- 
gen/of the vinyl group ïs:replaced by a second 
activting gr-oup were also f0und unsuitable; 'the 
former yielding a very poor po]ymerization rate, 
and thelatter a visCous product consistin, of-two 
ifisoluble, phases. 
Tlie reactants found operable for .theprePara- 
tion óf-fatty off modified adduc polyester resins 
capable of copolymerization with vinyl monomers 
without gelation are somewhat restricted with re- 
spect to the type Of fatty off and the dibasic ad- 
ludi Fatty ofls or the fatty acids obtained 
there-from by hydrolysis Which have conjugated 
cabon.tocarbon double bonds in their structure 
-such as tung off, oiticica or their fatty acids, 
eleostearic, licanic, etc., are hot per se suitable 
ince .they are difficult to esterify into adduct 
.polyèster resins without incurrin gelation. Fur- 
.thermore,the limited number of such composi- 
tions which can be-made tend to form inusible 
nd .insoluble gelled masses when reacted with vi- 
nyl'nionomers. With this exception, there canbe 
used satisfactorfly practically any vegetable, fmh 
or animal fatty drying, semi-drying or non-dry- 
.ing fïtty off. or any synthetic fatty off consisting 
:essentially of polyhydric.alcohol esters ofthe sat- 
-urted or .unsaturated-non-conjuated fatty cids 
:Wliich'are normally present as such or as lycerides 
 in.frïäturäl-.fátty .oils« .Specific naturàt..fatty oils 
-which cn be Satisfaëtorily used are. perflla :off, 

isëèd .oil:,tWalnït:Oflsaffiower:il, çoppseadoii, 
Ybea-:0il., .,s:floer il,. co oll,cottoeed 
oil -'Cstor -ilç:cocohut off/anfl.:fish :oils.:such as 
mehkdenor 8aie..-é:penhritol:estes 
5 of:iiee»ftyiS or:oyabillatt.ids, 
mhiCh are: eSstîlly :nnï coj uga-d :f t dis, 
the prepgr.tïn0£:adCtpolyester:resins.:.If :e- 
ired, :.the .potéer :rSis :oEn: be::mde etlF 
i0 :ffm :thè :fàtF ,CidS 0f thèse :oils:i.n .a er 
.alogous:to the:preDarti0n of:covtïonal off- 
m0dified :aly résis :ed o :phthal :anhy- 
dride. O-f :trie :tltty:aci :ctent ployed 
in:mking :the:olester,:up.:to bout ;0 :.per: cent 
.15 by: weig: fef,:may:îf :desed:oist:0f 
c0njugatb:ypezf gci present.s:glyceri-des:in 
oflsïsuch/s: tng Off :or-dehFa4ed(sr oil. 
'-e :dibai :aducts haing :PRca utility 
"in:he..pepatï6n/f:'4he plestérs:are 'he ad- 
:20 .gtS :bi.ned' hroush he.Diëls-leV:action 
dr ylop6ine 0r. iCclopentadiene, w:n 
alpha-beta :UnSatrgted dicarboxylic 'cid.r :an- 
hydride, specifically maleic, chloromaleic, 
maric and acetylene dicarboxylic acid. Also 
25 round useful is delta-l,4-hydrophthalic acid, 
the Diels-dër adduct Of butadiene with acety- 
 lene carboxylic acid. 
 Dibasic -addue:of--'other- acidsor di01efi :than 
çthe aforementi0ned ëld.'pdtyestes:which éither 
0 flo: 0t:copdlmeizeorieId.gelled:produ6 .¢hen 
reactewi-th a -vlnyl«mònomer.- Thuse .-'Off 
m0dified polyester from 
penee nd -citrac0nic yie » gell6d qn 
'20 minutes:when-heaedwih anequal mount 
-5 f styree -fo t40-C., even though the-reactns 
'werediluted w!th  :soldent, na-mely/Xylee;-and 
 similrly'with the .dduct polyeser0f:t-Carboxy- 
methyl - 3 - 6 - endomethylee..dèla.:: -tetra 
hy0benzoic acid- (itacoc cid adduct f: cyclo- 
40 entadiene). :With dibasic adduc.-mae irom 
"di01efis-such asbutene, for example-trans- 
delt--tetrhydrophthalic : acid, their .:fty :off 
modffie polyesters în:reacfion .with stene yield 
noopolymers»-and the: stene .polymerizes al5ne. 
- The .dibsic-aducts, as is :wll:known,..may be 
5 Iormed i Situ during the esterification:reatio 
th the polyhyic alcohol and fatty:-acids by 
having present a stale satated basic 
.acid and-diolefine, the. former not exceeding.-the 
sichiometrical, amount veqred fo for'the-ad- 
50 duct, wheres the 01efine can be presnt in-ex- 
CeSS. 
A portion-of the dibio aoid .content of the 
polyester adduot resins oan oonsist of other-di- 
55 crboxylic cids such s phthlic, dipic,-suc- 
oic, and the like, the amoun% of suoh aoids not 
exoeeng that reducing the oaloulated average 
number of adduo groups permoleoule of poly- 
 ester fo less than about one. 
60 Any  satated aliphatio  polyhyio aloohol 
having tWo 0r mre hyoxyl-grous andfree 
from reactive groups interfering with esteri « 
cation or subsequent polymerization can be em- 
ployed in the preparation of the adduot poly- 
5 esters. Speoio polyhyic aloohols whioh oan 
be used include diethylene glycol, triethylene 
glycol, propylene and dipropylene glyool'and 
higheglyools for exemple 2-ethyl hexane diol; 
glyoerol, trethylol ethane, and trimethylol 
70 propane exemplify the trihyio aloohos;  .sorbi- 
fol, pentaethritol and pentaerythritol .exem- 
plify polyhydrio aloohols of four or more hy- 
droxyl groups. 
The disoovery  that -oertain ftty oil. moed 
75 addu0t polyester resins were«stable.fo copoy- 
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merization with vinyl monomers to yield soluble 
copolymers resulted from an accidental selection 
of a polyester having a lower molecular weight 
than normal for commercial use in making oleo- 
resinous varnishes. Upon investigation of this 5 
resin and similar ones, the factors determîning 
suitabflity for copolymerization were derived from 
a consideration of reactant proportions and the 
extent or degree of esterification as measm'ed by 
the initial acid number of the reaction mass and 
the acid number of the final reaction product. 
It was then discovered that the useful range of 
polyester resins were those obtained by esteriy- 
ing a polyhydric alcohol with such proportions 
of suitable fatty acids and a suitable dibasic ad- 15 
duct as previously described, whereby with suffi- 
cient reaction, a mixture of fusible, soluble POly- 
esters were obtained having a calculated average 
per polyester molecule of between one and three 
adduct residues or groups (diacyl). The formula 20 
employed for calculating the average number of 
such adduct groups per ester molecule is 
AN 
N_2( X ÷ P)( I__Ào) 25 
where X is the number of mols of a suitable di- 
basic adduct as heretofore described, G is the 
average number of such adduct groups per ester 30 
molecule, P is the number of mols other di- 
carboxylic acid (phthalic, delta-4-tetradrophtha- 
lic acid, etc.) if such be prescrit, N is the total 
number of mols in the reaction mixture con- 
sisting of fatty off, polyhydric alcohol and di- 35 
basic acid or acids, AN is the acid value of the 
ester resin, and AN0 is the calculated acid value 
prior to esteriflcation. 
When the adduct polyester is ruade directly 
from the higher fatty acids instead of fatty off, 40 
the total fatty off mols are calculated by con- 
verting the fatty acids to the complete esters of 
the particular polyhydric alcohol or alcohols 
prescrit in the reaction mixture, and the amount 
of polyhydric alcohol required for this purpose 45 
is subtracted from the total amount of polyhy- 
dric alcohol. 
The formula for calculating G is based on the 
consideration that a fatty off modified adduct 
polyester resin is fundame.ntally derived from 
50 
fatty off, polyhydric alcohol, and one or more 
dibasic acids. With N being the sum total hum- 
ber of molecules of these reactants and 2(X÷P) 
designating the total number of carboxyl groups 
available for esterification from the dibasic acids, 55 
then the total number of ester groups which can 
be formed at any stage by intermolecular esteri- 
fication is between 0 and 2(X÷P). Since the 
degree of esterification at any rime during the 
course of the reaction is the ratio of ester groups 60 
formed to the total number of available dibasic 
acid carboxyl groups at the star of the reaction, 
this can then be expressed mathematically as 
AN 
1---- 65 
ANo 
where AN is the acid number value  at any given 
reaction stage and A_N0 is the calculated acid 
number value of the total dibasic acids in the 
70 
 The acid number value is the number of milligrams 
alcoholic K0H required to neutralize a grain sample of 
the material with phenolphthalein as indicator. The eud 
poiflt with phenolphthalein is the rypical pink color de- 
veloped at a pli of about 9 to 10. The pink color is fugi- 
tive with these polyesters but nevertheless is of sufficient 75 
duration tobe recognized. 

reaction mixture prior to initiating esteriflca- 
tion. The number of ester groups formed at 
any rime during the reaction is then 
where esterification proceeds only intermolecu- 
larly, since each ester group (as formed from a 
molecule each of an alcohol and an acid) 
10 sults in a loss of one in the total number of 
molecules in the system. Therefore, the total 
number of molecules af any rime can be 
pressed by 
and by definition then the number of adduct 
residues or groups per average molecule 
X 
AN 
N--2(X÷P)(1---Ào) 
As an illustration in the use of the formula, 
a fatty off modified adduct polyester resin was 
prepared from the following composition 
1.00 mol soya off 
1.10 mols glycerol 
1.50 mols cyclopentadiene adduct of maleic an- 
hydride 
This composition had a 10 per cent excess of 
glycerol and the value of ANo was 140. Setting 
up the respective values in the formula with X 
as 1.5; N as 3.60; and P as 0, yields 
1.50 
AN 
UPOn reacting the mixture to an acid number 
value of 17.5 G had a value of 1.54; with fur- 
ther esteriflcation to the lower acid number 
value of 16, G calculates to 1.59. 
In further explanation of the formula, one can 
assume that esterification of a polyhydric alco- 
hol and a dibasic acid under conditions avoiding 
gelled products proceeds oniy inter-molecularly, 
an ester molecule with one ester group being 
formed by the esteriflcation of one molecule of 
polyhydric alcohol and one molecule of dibasic 
acid, thus resulting in a loss of one in the total 
number of molecutes in the reaction system. 
This ester molecule contains one or more un- 
esterified hydroxyl groups, depending on the 
original hydroxyl content of the alcohol, and a 
dibasic acid residue or group having a free or 
unreacted carboxyl group. Accordingly, a hy- 
droxyl group of such ester molecule can react 
by forming an ester group with an unesterifled 
carboxyl group in a second similar ester mole- 
cule to form from these two ester molecules a 
single larger ester molecule that now contains 
two dibasic residues. In turn, this larger ester 
molecule that still has one unreacted dibasic acid 
carboxyl group can react with another ester 
molecule containing one or more dibasic resi- 
dues and at least one unesterified hydroxyl group 
to form a much larger ester molecule contain- 
ing a total of 3,4 or more dibasic acid residues 
or gr(ups (diacyl). 
Since each adduct residue of a suitable di- 
basic adduct, such as the cyclopentadiene ad- 
ducts, contains one olefmic carbon to carbon 
linkage, and such linkage is a potential reac- 
tive point with a vinyl monomer, the larger the 
average number (G) of such residues per mole- 
cule, the greater likelihood there is for cross- 
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linking te occur withresuItant insoluble prod- 
ucts. 
The amount of adduct - residues- of:-the X type 
dibasic adducts present in the average polyester 
molecule can be controlled however, by_. se,eral 
individual or join;, means, For,-..example in. a 
reaction system of polyhydric-alcohol»; fatty 
acid and the X type dibasic,-adduc by hav- 
ing a suflicient amount of the - monofunctional 
fatty acids te_ esterlfy.a..major amount, of the 
polyhydric alcohol hydroxyl gronps,, the pos- 
sibility of, the difunctional, dicarboxy.lic adduct 
for chaining individflal ester molecules is, con- 
siderably reduced. Alternativel the same re- 
sult is obtained by starting with polyhydric 
alcohols-partly esterified with off fatty acids. 
For example, in a system o£ two mols soya fatty 
acid diglyceride and one mol dibasic adduct, 
only tvo types, of ester:molecules can be, f0rmed 
(assuming no ester interexchange)., each type 
having but one adduct residue Or group: One 
type of ester molecule is a sinle glyceryl 
due with two fatty acid ester groups, and one 
adduct ester greup having an unreacted car- 
boxyl group.. In the other type of ester mole- 
cule, ira structure..consists of two.. glyceryl resi, 
dues, each_ containing tvo .fatty acide., ester 
groups, the two glyceryl, residues.being chained 
togethezby the: two ester groups, otone adduct 
residue, as- depicted below.:: .-. 30 
adduct 
fatty acid-- --fatty acid 
fatty acid-- --fatty aoid. 
35 
An adduct polyester resin of higher avetage 
content of adducV  groups: per .molecule can. ho 
obtained by first effecting ester interexchange 
between one mol linseed, oil and.2: moli:.diethy- 
lene glycol, and.then reacting:.the, resultant, par» 40 
tial polyhydric alcohol esters vith:-2 mo]s'of.cy- 
clopentadienemaleic: adduct;. The polyester if 
if could, bave. been: run te zero acid value would 
yield an average colnpositio having tw.o adduct 
residues., per ester molecule_ as. dpictéd b¢10w,: 
(glycol) (glyceryl) '. (lycol) ! 
linsee4 adduot------ï--adductlins ced. 
fatty acid fatty acid 
linseed fàttyacid... 
A. portion oï the. react4ommass was. removed, 5o 
h0wever,, when an acid: value .of 177. was .at  
tained, which by calculation .had: an. average 
of 1.37 adduct residues, he remainder-was 
ïurther esterified te an acid value of 9.06, the 
product thon havingï a calculated average ad- 55 
duct. residue cententper molecule.ef 1.63, 
acting the first portion with an ecluaL weight.oï 
styrene in 67 per cent concentration in xylene 
ïer 60 hours at 140C. (in the absence o cata- 
lyst) gave 37 per cent conversion o the styrene 6O 
with no indication of gelatibn:. T.he econd 
fraction oï higher adduct content per molécule 
reacted under the same conditions-yieldeda gel 
in less than 12 heurs reaction,, well under halï 
of the styrene havg been copolFmerizid.pr.ior -5 
te gelatien, the presence, of. more., selvent-or, a 
peroxide catalyst w0uld have prevented gelation. 
Other means in-addition- tr. fatty acid con- 
tent for terminating ester-chaining- and  -there- 
by restricting the number.of-X type-/adduct î0 
groups per' molècule- involve, limited excess 
amounts- over stoichiometrical quantiçies: of 
either the dibasic adduct-or the po]yhydric..ai- 
cohol; but net more: than about- a 25 per cent 
excess; or by replacing part of the X type. 
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basic, adduct wih. other aliphati« or aromatic 
dicarboxylfa acids. 
The invention is further illustrated in the 
lowing examples, in which, all parts, aze, by 
weight unless otherwise stated. 
Example 1 
A soya off modified adduct polyester resin 
was ruade frein the following-: 
2640.0 parts soya oi1_(3.0 mols) 
310.0 parts 98% glycerol (3.30 mols) 
0.95 partslitharge (PbO) 
290.0 parts xylene 
297.0 parts dicyclopentadiene (4.50 equivalents) 
442.0 parts maleic anhydridë (.5ffmols) 
The soya off and the glycerol..were first./sub'- 
jected te an ester exchange reaction- a«2.1522i o 
C. under the catalytic effect of the lead oxide. 
The other-raw materiali were then addedin.the 
order listed, the addition of the xylene reducing 
the telnperature te-about' 150 °' C-: The dieyclò 
pentadiene- and maleic anhydride-forlneff:,the, ad- 
duct cis-3;6 -endelnethylene -- delta-4,tebrahydr«- 
phthalic- anhydride, in situ whfle th reacti0n 
mass was gradually heated during thecourseof 
an heur te a temperature of 200 ° C. under;con 
ditions of atlnospheric reflux. The" batch: was 
held at refioE (200°207 °. C.) for esterification 
te a desir.ed, end, point, as measured by acid_num- 
ber determinations. Water f0rmed dïi.ing.the 
precess was distilled azeotropically with the xy- 
lene and separated:e in, a suituble trap bef0re're- 
turning the sotVent: to'.the batch. Factions-were 
taken at the ïollowing acid values:brcopolmei- 
zation with styrene: 

Fraction: 

45 E ........................... 

Acid No. 
(Solids): 
18.7 
15.4, 
12.8. 
10.=3 , 
9.7  

Calculated 
 Viscosity 
adduct . (as is) 
groups ; 25C. 
mol. . 
centistok«s 
1.50 435 
I. 62 , 598 
1.72 800 
1: 83" 1 270 
1.87" 1; 750 

Example 2 
A 50% styrene copolymer ofïraction 
alnple 1. 
216.0 parts fraction B froln above' (200)parts::reSih 
solids) 
200.0 partsstyrene 
117.0 parts xylene 
1.6 parts di-tertiary-butyl peroxide 
The intermediate, styrene and xylene were 
heated te 135 ° C. and  the  peroxidé addèd: in' four 
portions at Z heur intervals.. The course of: the 
ïeactien was fellowed by non-volatile-detezlnina'- 
tiens; after 10 heurs a non-volatile content:of 
733% was reached or 95% of the styrene.was 
pelylnerized. The resin selutienhadthe-follo,w- 
ing ether preperties: 
Viscesity, as is (250` C:) __ Abeve 'Z=-6 '' (Gardner 
scale 
Viscosity at. 5(1%. non- 
volatiles in xylene .... "R" (Gardi]ersele)  
Celer (as is) ........... 3 (Gardner scale):,..: 
Example 3 
White enamel frein Exarnple-2: 
134 parts ExamPle 2 
75 100 parts.titunium dioxide (rutile) 
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An initial dispersion of the above was made in 
a pony mixer and then the enamel was finely 
ground on a 3-roll paint mill, 3 passes being 
made. Cobalt drier in the amounts of 0.01 and 
0.02% as metal on the resin solids were added 
fo samples of the enamel thinned somewhat with 
xylene. Films deposited on. glass and steel sur- 
faces after baking at 135 ° C. for one hour were 
well cured, tough and adherent. 
ExampIe 4 
A 50% styrene copolymer of fraction C oï Ex- 
ample 1. 
270.0 parts fraction C ! 5 
250.0 parts styrene 
147.0 parts xylene 
2.0 parts di-tertiary-butyl peroxide 
The saine technique of Example 2 was used 
with the result that gelation occurred af ter about 
8 hours of reaction and 90% conversion of sty- 
rene monomer. It was concluded that an aver- 
age of 1.7 adduct groups in this intermediate was 
too high to copolymerize all the styrene af a 
75% reaction concentration in solvent, but would 
be feasible with lower concentration and higher 
solvent content. 
ExampIe 5 
Copolymer ruade with cumene hydroperoxide 
as catalyst. 
324.0 parts soya oil modified adduct polyester 
resin (fraction B of Example 1) 
.300.0 parts styrene 35 
12.6.0 parts xylene 
9.0 parts.cumene hydroperoxide 
83.0 pairs xylene for thinning 
The polyester, styrene and first portion of xy- 
lene were held af atmospheric reflux (140-155 ° C.) 40 
and cumene hydroperoxide added in six portions 
of 1.5 parts each, one hour apart. After a total 
of seven hours' heating the batch was thinned 
with the second portion of xylene and cooled. 
The final resin solution had the following prop- 45 
erties: 
Acid value ........... 5.1 
Color ............... 4 (Gardner scale) 
Non-volatile ......... 71.8 % 
Specific gravity ..... 0.985 25°/25 ° C. 50 
Viscosity (25 ° C.)---"Z-6" (as is, Gardner 
scale) 
'T' at 50% non-volatile 
(Gardner scale) 
55 
ExampIe 6 
A 40% styrene copolymer was made with a soya 
oil modified adduct polyester reacted as per Ex- 
ample 1 to an acid number of lii3 by reacting the 60 
following: 
1173.0 parts 92% non-volatile polyester solution 
420.0 parts styrene 
357.0 parts xylene 
27.0 parts cumene hydroperoxide 65 
250.0 parts xylene 
The reaction technic of Examp]e 5 was followed 
to yield a resîn solutioioE having the following 
properties: 70 
Acid value ............... 6.9 
Color ................... 4 to 5 (Gardner scale) 
Non-volatile ............. 69.9% 
Specific gravity .......... 0.978 25°/25 ° C. 
Viscosity (25 ° C.) ..... .__ "Z" (Gardner scale) 75 

IZ 
ExarapIe 7 
A linseed oil modified polyester iesin was made 
from: 
2640.0 parts linseed oil (3.00 mols) 
310.0 parts 98% glycerol (3.30 mols) 
0.95 part litharge (PbO) 
306.0 parts xylene 
297.0 parts dicyclopentadiene (4.50 equivalents) 
442.0 parts maleic anhydride (4.50 mols) 
The esterification technic of Example i was 
followed and a 92% non-volatile resin solution 
obtained having an acid value of 14.3 or 15.5 
on the non-volatile. This corresponds to a cal- 
culated average of 1.61 adduct groups per mole- 
cule. 
Example 8 
A 50 % styrene copolymer of Example 7. 
542.5 parts Example 7 polyester solution 
500.0 parts styrene 
337.5 parts xylene 
15.0 parts cumene hydroperoxide 
The polyester, styrene and xylene were held at 
reflux (137°-147 ° C.) and the cumene hydro- 
peroxide added in six portions of 2.5 parts each. 
A.fter 7 hours a non-volatile content of 68.6% 
was reached. This preparation differed in 
technic frcm that of Example 5 only in that 
the concentration of reactants was reduced from 
80% fo 72%, a change made necessary by the 
slightly greater reactivity of the linseed mbdified 
polyester resin. 
Example 9 
Adduct polyester resin made directly from 
fatty acids of soya off. 
1275.0 parts soya fat acids (4.55 mols) 
296.0 parts 98% glycerol (3.15 mols) 
145.0 parts xylene 
148.5 parts diclopentadiene (2.25 equivalents) 
220.5 parts maleic anhydride (2.25 mols) 
The fatty acids and glycerol were first esteri- 
fied in the presence of the xylene, water being 
removed azeotropically. From the specific grav- 
ity of the aqueous distillate it was estimated that 
14 parts of glyderol had been lost from the batch; 
this amount was replaced when the dicyclo- 
pentadiene and maleic anhydride were added. 
Esterification was continued until an acid value 
of 15.6 (solids basis) was reached; the calculated 
number of adduct groups was 1.61. 
ExampIe 10 
A 50% styrene copolymer oI the polyester 
from Example 9. 
324.0 parts Example 9 polyester solution 
300.0 parts styrene 
126.0 parts xylene 
9.0 parts cumene hydroperoxide 
83.0 parts xylene 
The above were reacted by the technic de- 
scribed in Example 5, yielding a copolymer resin 
having the OEollowing properties: 
Acid value .............. 5.1 
Color ................... 4 (Gardner scale) 
Non-volatile ............ 69.5% 
Viscosity (25 ° C.) ....... Z-5-{- (Gardner scale) 
When ground into a white enamel it was in- 
distinguishable in film performance ïrom the 
copolymer resin of Example 5 ruade from the 
fatty off. 
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Examte:,11 : 
Adduc.=: polyester=. ,. -resin- containing. ,68, soya 
o1. and 10 %.., ex,¢ess g!ycerql:.:, 
931.01.parts soya, oil 61.06- mols)::  
137.5 parts 98% glycerol (1.465 mols) 
0.50 part tharg e (PbO)/ 
109.0 parts xYlçne 
1-32.0 parts d!çycl0pentadiene (20O.eqalen.). 
196.0 parts, mal¢ic aYdrid e (2:00 m01Ç) 
The above.were,,reacd.in thçmaez desçied 
in: aml 1,, e restn, .9% .olyeste 
s!ution had-the fo!10ng:: 
Acid  values: ............. 16:4 or l0n solids. 
Calculated:average.adduct  - 
groups  per molece:__ 2«0' 
Viscosity  25 » C) ........ 2060-'centtokes- _ 
Exaple !2 20 
A 50% stene c0polymer f0 Eple !1. 
2!6,0: par. Example 1! plYe$e: solutiom 
200,0 parts strene. 
354.0 Par neral spirita 
96 pa:cene hYdropeoxide. 
Thë lyesteç» str.en nd:-.mnçal: spiitÇ 
were, held: af aospherc. rëfiU:. (150160, 
ad ..th¢ cene' ,doperoxder: dod  six, 
equal«9ortions,,at ............. :hourly4nterals. ..........  Afte,ol 
Acid vate, ...... 4.7 
Non-volatile_ ï,  .... 49:4 %  35 
Colorc_- ......... 3 (Gardnèr scale) 
Viscosity (25  C.)_ "U" fo "OE? 
ite enamel from, stene- eopotymer- oI ¢. Ex 40 
ample. 
400. par¢s-.ample 42- 
200 part--tioaum- d$oxide,-(rutfl)- .-   
The aboie, were.ground, in .the: sume,,mer 45 
as descrbed; in :Examplé) 3. Coba!. dieAh, he 
amont of 0.05% as metal based on the resin 
solids was added toa:ample; a sample o Ex- 
ample 3 was treated in the se wa to obtain 
a direct compagnon betwn ,the, iwo enmels. 5o 
oI a ffe blade and plaeed' in a comtnt' tem- 
rature room to dr (25  C:/ 50 %: reiatie 
midity). Airer, one. day. o. aindy,he,fi vom 
Example 13 was much tougher,:,nd:.more,ad, 
herent than that of Example:-3 Mter.one xueek 
of a-dry these diffeences-.ere .hot so gea 
b0t h fis beg-: muqh: !ike .the,. saine, materials 
ch. had been baked for L horç ,. 15 
Example 
A, Ya oil= mified: p01yÇst:Ves ,conti,nng 
68% oil nd.: 25 % excess::glycevol mas ruade 
the:folloing: 
931.0-parts soya oil (L06 mols).. ' 
155.0 par. 98 % glycerol (.L65.mols),-..  
0.50 part litharg (.PbO):  
111.0 par xylene .. 
132.0 pas dicyclopenadiene (2.00 equivalents) 
e esterification technic of . Emple. 
ag-ollowëd With the o!iowing. re.lgs. 
non-volatile solution) : 

7.5 

alett!ated averag_e adduct,. 
goupspe molecule=__. L68 
Viscoiy»:(257 :.C:):_ = ...... 720centistoesç 
A 50% srene copolpr:from- the. polyter 
of Exmple 14 was mad by-reactg-thè, f01tow  
ing: 
300.0 parts :styrene«  
126.0 pas xylene 
9.0 parts cene hydroperoxide 
83.0 parts xylene (fo thng) 
The top olerizbioteci.eoE:Egapte 
followed fo make 
followg properties::: 
NOvolaile 
iseosiW- (: .5_. C.);_ ........... Z2, (,Gar, dnesale:) 
Example 16. 
" : adduct-: polyester mooEfied: ith,: phthalic 
a¢id d contai 68% oil nd- 10:%::« eess 
glycerol: 
931.0 parts soya oil-:.l-06 mols).. 
1-3-7Sïparts .98: lycerol ,( 1.465mols). 
0S0.pat :litharge (:P) 
108.0par xytene«.. 
89.0 par phthalic adride. (0.60 mols) 
92.0 par diçyclopentadiene (1.40 eqvalen) 
13.70 parts malec, anhydide (1.40 
to that of Exampl¢, 1,: ieloE-ng a,res sQuon 
Wiph the f011owing, p;pperties round (92% non- 
volatile solution) : 
Rcidvalue ..............  15.25 or 16.5 on solids 
Average adduct groups per 
molecue ............... 1.51 
Viscosity (25  C.) ......... 1430 centistokes: 
ExampZe-17 
A 50% styrene copoler.fmm Example 16. 
324.0 parts ExamDle. 16. l[es£e[ solution: 
30:0 par styrene 
209.0 Par xylene 
90:p%ts cene hydroperoxide, 
Thecumene hydroperox-ide as added :in.6 por- 
tions: of.. 1 5. par .eac to. the: oth, ra mutefials 
whioh: ere:heated trefiux:a% 
suve. The finul: copo!ymer resin-so!uti  had 
these pr0perti :-...  
Ac$d-wlue_ :_: ........... 8,2: on:,resn 
Non-volatile_bi.= ..... -_. 7L0% 
Color ............... 
Viscosity (25" C.) ........ Z6-Z7 (Gardner scale) 
A,. soya--monoglyceride- modified' adduot  poly 
esr resin was:made with 100% excess_dicclo- 
pendiene-by-reacting the foliowing.:- .- 
880.0 pas soya oil. ( 1.00 mol) 
206.5 par 98 % glyceml. (2.20=mols) 
0.52 part litharge (PbO) 
138.0 parts xylene 
%Q::Ps dicyclopenadi¢ne(6.00 eqvalnts): 
Af ter- an ester interchange reaction.between 
the OH an--lycerol,-t.he:other: ru:mutts were 
added"in.-;:hë 
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ried out.azeotropically to an acid value of 17,25 
or 18.6 on the solids. Th'at part of the cyclo- 
pentadiene was volatilized was evident .from a 
weight loss of 48 g. greater than was anticipated. 
Correcting for this loss and assuming no higher 5 
adducts than two cyclopentadienes per maleic, 
the average number of single adduct groups per 
molecule calcul'ates to 0.95. 
Example 1.9 
I0 
A 50% styrene copolymer oï polyester of Ex- 
ample 18 was ruade from the following: 
324.0 parts Example 18 
300.0 parts styrene 
126.0 parts xylene 15 
9.0 parts cumene hydroperoxide 
83.0 parts xylene 
159.0 parts xylene for thinning 
Copolymerization was started at 80% concen- 20 
tration of the reactants in xylene, catalyst addi- 
tions of 1.5 parts being ruade at hourly intervals 
after gaining atmospheric reflux temporature. 
Afte 3/e hours the second portion of xylene 
was added to rhin out the very viscous product 25 
somewhat. After the copolymerization was com- 
plete the last portion of solvent was added. 
Non-volatile ............ 59.6% 
Viscosity (25 ° 'C.) ....... "Z-5"÷(Gardner scale) 
Viscosity (25 ° C.) ....... "Z" to "7,-1" reduced to 30 
50% non-volatile 
Example 20 
An adduct polyester from coconut fatty acids 
was ruade by charging into a 5 liter 3 neck flask, 35 
equipped with agitation, water trap, condenser 
and thermometer the following: 
t .1 I Weights, 
Iu gram_ï_s 40 
Double dist. coconut fatty acids  ................ I 9 . 1989. 0 
98% glycerol ..................................... I 6. 3  592. 0 
C is-3,6-endomethylen o delta-4-tetrahydroph- 
thelic anhydride .............................. 4.5  . 
Xykl ............................................ ] ........ 1 "45 
 Specifications of fatty aoids: 
Acid value ............................................. 254 
Iodine value (Wijs) ................................... 12.0 
Tirer ................................................. 28.0 ° C. 
Color ................................................. Water white 
The mixture was heated to reflux temper- 5o 
atures, while separating water of esteriflcation 
and returning the hydrocarbon to the reaction 
vessel. A temperature of 200 ° ±5 ° C. was main- 
tained until an acid number of 17.0 was reached. 
At this point the polyester had a calculated 55 
adduct group content of 1.59 per mol. The 
polyester solution at this stage had a non-vol- 
atile content of 90.5%. The over all esterifl- 
cation rime consumed 14 hours. 
60 
Example 21 
Copolymerization of Example 20 polyester at 
the ratio of 50% polyester to 50% styrene. 
There was charged in a 1 liter 3 neck ïïask 
equipped dth thermometer, agitator and con- 65 
denser the ollowing: 
166.0 grains polyester (Example 20) 
150.0 grains styrene 
184.0 grams x-ylene 70 
After agitating this mixture, there was added 
1.07 c. c. cumene hydroperoxide and the mix- 
ture then heated to reflux at 136 ° C. tmder 
atmospheric pressure. After each hour of re- 
fl.u .xir.g. an additignal 1.07 c. c. quantity. 0f per: 5 in the castor off. 

16 
oxide was added for.a total of 4 increments. 
At this ..tm.e. a .reflux temperature of 140 ° . 
was observed. The non-volatfles at the end of 
this rime had achieved the theoretical. The 
batch was cooled down and had the ol!owing 
properties: 
Acid number on the solids ................. 8.4 
Viscosity (Gardner-Holdt)  X 
Color (Gardner) ........................... 1 
The final copolymer resin solids wm'e a semi- 
rubbery composition, Water white in cotor, and 
possessing pressure tack characteristics. The 
composition was incompatible with nitrocellulose, 
and partially compatible with alcohol soluble 
urea- or melamine-ïormaldehyde resinous con- 
densation productsr The- compatibility with 
rosin modified off-soluble phenol-formaldehyde 
resins was good. 
Example 22 
An adduct polyester modified with castor off 
was prepared in the following manner. The re- 
action equipment comprised a 5 liter 3 neck 
flask, agitator, water separator, condenser, 
thermometer and CO2 inlet. The flask was 
charged with 2.4 mols (2222.4 grains) castor 
off (U. S. P. Grade) and blown with carbon di- 
oxide while agitated and heated fo 180 » C. There 
was then added 3.6 grams litharge paste ground 
in 7.2 grains oï castor off and the mixture heated 
to 200 ° C., and held for 10 minutes. There was 
then added 248 grams of 98% glycerol (2.64 
mols) and the ester interexchange reaction con- 
tinued at 200 ° C. for 1 hour. The mixture was 
then cooled fo 150 ° C. and the following added: 
245.6 grains toluene 
240.0 grains dicyclopentadiene (3.64 mols calcu- 
lated as cyclopentadiene) 
352.8 grains maleic anhydride (3.6 mols) 
The mixture was reheated to 200 ° C. and held 
at this reflux temperature while separating 
water oï esteriflcation over a period oï 9 hours 
fo an acid number of 14.5, equivalent fo 1.63 
calculated adduct groups per molecule. The 
polyester wa then cooled and discharged. 
Example 23 
Copolymer containing 40% styrene copolymer 
with the castor off polyester of Example 22. 
To a 1 liter flask equipped with agitator, reflux 
condenser and thermometer, there was charged: 
200.0 grains polyester (Example 22) 
127.2 grains styrene 
126.8 grains toluene 
4.0 c. c. ditertiary but'l peroxide 
The mixture was heated fo reflux at 121°-123 ° 
C. and held 4/2 hours. At this point the solid 
content was 67.3% against a theoretical oï 70.0%. 
The solids were a light colored resin which was 
incompatible with nitrocellulose aad back hy- 
drolyzed vinyl chloride-vinyl acetate copolymers 
such as Vinylite VAGH. The resin showed 
limited compatibflity with alcohol soluble urea 
and melamine resins but was readily compatible 
with rosin-glycerol-esters. The resin was in- 
compatible with ethyl cellulose. 
. . . Example 24 
Example oï a castor off modifled adduct resin 
ruade without added polyhydric alcohol, esterifl- 
cation being with the hydroxyl groups present 
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To a 5 liter flask eluipped as before there Theperoxide was added.ir6 e¢lul.1)arts-;aft.er 
were charged: a total  of 7 hours of.refluxin a. cQP01Ymer; 
2585.0 grams castor oil (2.79. mols) tion of 692% non-volatiles and 92% conversi0_n 
206.0 grams maleic anhydrile (2.10 mols) of styrene was obtained. The copolymer solution 
143.0 grams dicyclopentadiene (2.17 mols as 5 was very viscous and somewhat hazy, indicating 
cyclopentadiene) some incompatibility, probably due fo the pres- 
140.0 grams toluene once of some ester molecules containing only 
phthalate ester grooEpings. The solution how- 
The mixture w.hile agitated and blown with over, was reasonably clear in,rhin sections or even 
CO2 was heated fo atmospheric refiux temper- 10 in heavy films. 
ature. Water of esterification was removed ExampZe 28 

vhile refiuxing continued ai a temperature of 
200 ° C. 5 ° C. After 14-hours,.the..acid number 
of the solution was. 11,4. The polyester was af 
97.2% non-volatiles. The calculated number oï 15 
adduct groups was 1.62. 
Example 25 
Preparation of styrene copolymer from the 
polyester of Example 24. 20 
To a 1 liter flask.there were added: 
216.0 grains polyester (Example 24) 
90.0 grams styrene 
294.0 grains xylene 
3.46 c. c. ditertiary butyl peroxide 25 
The mixture was heated to reflux (136 ° C.), 
ai atmospheric pressure and held for 3 hours. 
The non-volatiles in the reaction systems at the 
end of this time were 47.5% indicating sub- 3o 
stantially complote copolymerization. 
The copolymer resin solution was found to 
be incompatible with nitrocellulose; if showed 
l.mied compatibility with alcohol so!uble urea- 
and melamine-formaldehyde resins. 35 
On removing the solvent by casting films from 
the above styrene copolymer, it was ïound that 
the resin was a semirubbery copolymer which 
was thermoplastic in nature 
Example 26 40 
A polyester containing-a high ratio of aïo- 
matic dibasic acid to dibasic adduct.was.m_ade by 
heating together: 
1320.00 grams soya oil (1,500 mols) 
228.00 grains technical pentaerythritol. (L575 
mols) 
0.54 grain litharge 
fo effect ester interexchange between the soya oil 50 
and the pentaerythritol. There were thenadded: 
156.0 grains xylene 
370.0 grains phthalic anhydride (2.500-mois) 
34.0 grains dicyclopentadiene (0..515 equivalents) 
49.0 grams maleic anhydride (0:500. mol) 55 
and reacted by heating under atmospheric reflux 
conditions. 
Two fractions were.taken,-fraction A when the 
reaction mass attained an acid number=ll.0 (on 6O 
solids) and 1.125 calculated adduct groups per 
moleoule and fraction B when the acid number 
was further reduced o 7.4 with 1.57 calculated 
adduct groups per molecttle. 
Exampe 27 65 
Copolymerization of fraction A from Example 
26  with styrene. 
The following was reacted by heating to reflux 
temperattu'e: 7o 
324.0 grains fraction A (300 pts, resin solids) 
300.0 grains styrene 
209.0 gïams xylene 
9.0 grams cumene hydroperoxide 75 

Styrene copolymerization of fracfon B f0m 
Example 26. 
The following charge, was ected in the saine 
manneï described in Example 26: 
324.0 gramsExample 2ôB 
300.0. grains styrene 
209.0 grains xylene 
9.0 grains cumene hydroperoxide 
Gelation occurred, however, when only / of, the 
total amount of peroxide: was introduced or at 
about 50% conversion of the styrene to copoly- 
mer. Gelation could bave been prevented if the 
solvent concentration had been increasedto about 
50 per cent. 
Exampe 29 
Adduct polyester ruade with pentaerythritol as 
the polyhydric alcohol. 
A polyester was ruade according to the saine 
general procedure described in the Preious ex 
amples-from the following charge: 
1408.0 grains soya oil (1.60 mols) 
127.0 grams technical çentaerYthritol (0.88 rnol) 
0.54 grams litharge 
142.0 grains xylene 
109.0 gïams dicyclopentadiene (1.648 equivalents) 
1570 grains maleic anhydride (1.60, mols) 
A fraction "A" was removed from the charge 
when the above had reacted to an acid number 
value of 11.7 wi,th  corresponding, adduct group 
content of 1.29. This fractionhad a-viScosityof 
502 centistokes. A second fraction Bi wás ob- 
tained by reacting further to an aeidç numer 
val,ue of 75 and a viscosity of-I080  centistokes: 
The calculated content.ofadduct groups permole- 
culefor fraction Bwas 1.45. 
ExampI« 30- 
Copolymerizati0n of styrene with fraction 
of Example 29: 
The following charge was reactedatrelluxing 
tempeïature and at atmosphericpressure: 
324.0 grains fraction "A" (Example 29) 
300.0 grains styrene 
126.0 grains xylene 
9.0 grams cumene.hydroperoxide 
The charge, copolymerized satisïactorily, 
69.3 % non-volatiles, . a- viscosity  Z5 (Gardner 
scale) and 93% conversion of' styrene t 
mer. The copolymer product comPared wél! y¢ith 
the çroduct of Example 2 in coa.ting perform- 
ances. 
Example 31 
Copolymerization of strene-with fraction 
of Example 29. 
The folIowing charge wasracted at refiuxing- 
temperature: 
324.0 grains fraction B (Example 29) 
300.0 grains styrene  
209.0 grains xylene 
9.0 grains cumene hydroperoxide 
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The charge copolymerized to 69.4 % non-volatfles 
and 93% conversion of styrene to copolymer. 
The viscosity was far above Z7 (Gardner scale). 
ExampIe 32 5 
A polyester resin was ruade from the following 
charge: 
1408.00 grains soya off (1.60 mols) 
159.00 grains technical pentaerythritol (1.10 l0 
mols) 
0.55 grain litharge 
149.00 grains xylene 
89.00 phthalic anhydride (0.60 mol) 
95.00 grains dicyclopentadiene (1.443 equivalents) 15 
138.00 grains maleic anlhydride (1.40 mots) 
The charge was reacted in the usual man_ner, 
yielding a polyester having an acid number value 
13.1 (on solids), an average adduct residue con- 
tent of 1.23 and a viscosity 
25 ° C. 
ExampIe 33 
A copolymer was ruade by heating fo reflux 
temperature at atmospheric pressure the follow- '25 
ing charge: 
324.0 grains polyester resin of Example 32 
300.0 grains styrene 
126.0 grains xylene 
9.0 grains cumene hydroperoxide S0 
The copolymerization proceeded .without inci- 
dent and yielded a copolymer solution of 67.5% 
non-volatile content or 85% conversion of the 
styrene. The viscosity of the copolymer solu- 
tion was Z4 (Gardner scale). 
Example 34 
A polyester resin of more than 2 adduct groups 
per molecule was ruade from the following 
charge: 
4733.0 grains linseed off (5.38 mols) 
3410.0 grains cyclopentadiene adduct of maleic 
anhydride (20.8 mols) 
7.0 grains litharge 45 
1210.0 grains diethylene glycol (11.42 mols) 
640.0 grains technical pentaerythritol (4.70 mols) 
The linseed off and glycol were ester interchanged 
by heating the litharge with the catalyst. The 
adduct and pentaerythritol were then added and 50 
the charge run to an acid number value of 54 
corresponding to an average adduct residue con- 
tent of 2.14 groups per mol. 
Example 35 55 
Styrene copolymer of polyester from Example 
34. 
The following charge was heated to atoms- 
pheric reflux temperatures (135 ° C.) : 60 
100.0 grains polyester Example 34 
232.5 grains styrene 
332.5 grains xylene 
Refluxing was continued for 80 hours in the 65 
absence of catalyst until the charge had a non- 
volatile content of 49.2%, and 97.5 % conversion 
of styrene. The viscosity of the solution was Z 

A polyester resin was marie from the following 
charge: 
5292.0 grains soya off (6.02 mols) 
1165.0 grains glycerol (12.65 mols) 
2.0 grains litharge 
1221.0 grains dicyclopentadiene (18.5 equivalents) 
1720.0 grains maleic anhydride (17.55 mols) 
The off and glycerol were interexchanged by heat- 
ing with litharge. Then dicyclopentadiene plus 
maleic anhydride were added. The charge was 
run to an acid number value of 25 on the solids, 
for which the calculated average adduct residue 
content was 3.38 per molecule. 
ExampIe 37 
Copolymerization with styrene of ester resin 
ruade in Example 36 as attempted by heating the 
following charge: 
250.0 grains ester resin :Example 36 
250.0 grains styrene 
1.67.0 grains xylene 
1.0 grains ditertiary butyl peroxide 
The reaction was conducted under conditions 
similar fo that of Example 2. Gelation occurred, 
1oEowever, within 14 minutes of gaining 135 ° C. 
with much of the styrene hot copolymerizing with 
the ester. 
Styrene copolymers containing as little as 25% 
styrene were round to have reasonable air-dry- 
ing speeds although the resulting films are hot as 
tough as those containing 40-60% styrene. It 
should be noted that many of the polyesters em- 
ployed in the present invention are of such rel- 
atively low molecular weights and so highly 
modified with off, that without modification by 
copolymerization they exhibit practically no dry- 
ing activity. Copolymers containing as much as 
75% styrene bave also been ruade but they are 
of much more limited usefulness as respects coat- 
ing applications because of their brittleness. 
The most useful range of styrene content as 
copolymer is between 40-60% for superior air- 
drying and baking coating vehicles, characterized 
by air-drying to a tack-free state in 10 to 15 
minutes. 
ExamIe 38 
Polyester resin having 10% excess of adduct 
COOH-groups. 
A polyester resin was obtained from the follow- 
ing charge: 
880.0 grains soya off (1.00 mol) 
93.8 grains 98% glycerol (1.00 mol) 
0.48 grain litharge 
97.0 grains xylene 
109.0 grains dicyclopentadiene (1.65 equivalents 
as cyclopentadiene) 
162.0 grains maleic anhydride (1.65 mol) 
The charge was reacted in the normal procedtu'e, 
yielding a viscous polyester resin having an acid 
number value of 22 and a calculated adduct con- 
tent of 2.0 groups per molecule. 
Example 39 

to Zl (Gardner scale) The solution did not 2/ styrene copolymer of the polyester resin 
 ïrom Example 38 was prepared by refluxing ai 
keep very well, gelation occurring on standing 70 atmospheric pressure the following charge: 
several veeks af room temperature. 
324.0 grains polyester resin of ,Example 38 
ExamIe 36 300.0 grains styrene 
Polyester resin having an average of more than 126.0 grains xylene 
3 adduct residues per molecule,  -  . 75 9.0 grains cumene hydroper0xide 
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The charge was reacted for about 7 hours with 
the usual 6 hourly catalyst additions, yielding a 
copolymer solution of 69.0% non-volatile content 
after the dilution with xylene to 72% theoretical 
solids, equivalent to 92% styrene conversion to 5 
copolymer. The diluted solution had a viscosity 
of Z6÷ (Gardner scale). 
Example 40 
Copolymer of an adduct polyester resin with 
methyl vinyl ketone. 
A soya oil modified cyclopentadiene adduct 
polyester resin substantially the saine as Exam- 
ple lB, with the following properties: 
Acid value ......... 18.3 on non-volatile content t5 
Viscosity ........... 490 centistokes 
Non-volatile ........ 94.4% (calculated) , 
Calculated average 
adduct groups per 
mol .............. 1.51 
was copolymerized with an equal weight of meth- 
yl vinyl ketone i 80 per cent concentration in 
xylene and with 2.0% benzoyl peroxide as cata- 
lyst. The mixture was refluxed ai 80 ° C. yielding 25 
a clear viscous copolymer up until 80% of the 
methyl vinyl ketone had copolymerized. Con- 
tinuing the reaction in an attempt fo polymerize 
the remaining 20% of the ketne resulted in a 
gelled mass. 
Example 41 30 
Copolymer of an adduct polyester with 2- 
vinyl pyridine. 
Equal quantifies of 2-vinyl pyridine and the 
saine polyester used in Example 42 were reacted 35 
in 80% concentration in xylene together with 
2.0 % benzoyl peroxide as catalyst. The mixture 
was reacted by refluxing at 130°-134 ° C. After 
7 hours refluxing, 75% of the 2-vinyl pyridine 
was round to bave copolymerized; the copolymer 4O 
was a dark viscous resin. 
Acrylonitrile polymers are generally less solu- 
ble in organic solvents than other vinyl poly- 
mers. Hence in reacting acrylon_itrile with an 
oil-modifled adduct resin, a more powerful sol- 
vent is required and in a larger quantity than 
with the more soluble styrene copolymers. Xy- 
lene or other aromatic hydrocarbon is not a sat- 
isfactory solvent for this monomer, but dimeth- 
ylformamide is suitable as shown in the follow- 
ing example. 
Example 42 
Acrylonitrile-adduct polyester copolymer. 
Equal parts by Weight of acrylonitrile and the 
polyester resin employed in Example 42 were dis- 
solved in dimethylformamide to form a solution 
of 80% reactant concentration. Ditertiary butyl 
peroxide was employed as catalyst. The solu- 
tion was heated to a refluxing temperature of 
90 ° C. Complete homogeneity existed through- 
out the refluxing reaction. After about 4 hours 
when about 40% of the monomer had copoly- 
merized, gelation occurred. Although gelation 
occurred, that true copolymerization resulted 
was shown by the fact that complete homoge- 
neity existed throughout the reaction. If only 
self-polymerizagon had occurred,'gelation would 
bave hot been possible since polyacrylonitrile is 
a thermoplastic resin, soluble in dimethy].form- 
amide. These results are in contrast with an in- 70 
conclusive experiment marie in xylene where pre- 
cipitation of polymer or copolymer occurred im- 
mediately on polymerization. Gelation in the 
example with dimethylformamide could bave 
been prevented by reducing the concentration of 

reactants. If could also lvebeen prevented by 
preparing a polyester having a somewhat lower 
adduct grouping per mol content. Other sol- 
vents useful in copolymerizing acrylonirile with 
a polyester include acetonitrile, dimethyl meth- 
oxy-acetamide, N-formyl morpholine and N- 
formyl hexamethylenehnine. 
It bas been round that many monomers are 
more reactive than styrene and require less func- 
tional polyesters to be copolymerized safely under 
simflar reaction conditions. 
In the instance of ethyl acrylate, more solvent 
is required than with styrene. Whereas styrene 
can be safely copolymerized with a polyester of 
about 1.7 adduct groups per molecule with only 
20% solvent present, ethyl acrylate seems to 
show a corresponding upper limit of about 1.3. 
It should be noted, however, that the limits of 
1-3 adduct groups per molecule holds for ail 
suitable vinyl monomers providing the reaction 
mass is dfluted with suificient solvent. 
Example 43 
A copolymer marie in a non-volatile solvent. 
648.0 parts of adduct ester resin, as Example lB 
900.0 parts, styrene 
327.0 parts dibutyl phthalate 
22.5 parts cumene hydroperoxide 
545.0 parts dibutyl phthalate 
Copolymerization was carried out in the usual 
fashion, the peroxide being added in six equal 
parts at hourly intervals to the reactants at 8(% 
concentration in dibutyl phthalate. Aïter an 
additional 2 hours of holding at 150 ° C. ±5 ° 
the second portion of dibutyl phthalate was 
added fo reduce to a practical concentration of 
60% in dibutyl phthalate. The exact solidS con- 
tent could hot be determined accurately because 
of the non-volatility of the solvent; the viscosity 
was far above Z7 on the Gardner scale. The ma- 
terial is useful as a printing ink vehicle where 
volatility must be kept to a minimum ("drying" 
is by absorption of the solvent into the flbers of 
the paper). 
Exampe 44 
A 25% styrene copolymer: 
1470 parts adduct ester resin as Example lB 
450 parts styrene 
330 parts xylene 
27 parts cumene hydroperoxide 
Copolymerization was carried out as in Example 
5, the flnished copolymer resin being thinned to 
a theoretical 72% non-volatile by adding 250 
parts xylene. The actual solids were 70.0% and 
the viscosity at 25 ° C. between Q and R (Gard- 
ner scale). 
ExampZe 45 
A 75% styrene copolymer: 
156 parts adduct ester resin such as Example 
lB (96% solids in toluene; aci4 value 17.2) 
450 parts styrene 
100 parts toluene 
9 parts cumene hydroperoxide 
127 parts toluene 
Polyester, styrene and rst portion of toluene 
(85% concentration of reactants) were held 
reflux while adding the peroxide in 6 equal por- 
tions at hourly intervals. After an additional 
hour at 136 ° C. the second portion of toluene was 
used to rhin the copolymer resin. The viscosity 
of the 70% non-volatile solution was far abov¢ Z7 
(Gardner scale). 
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' Example 46 
Cop01ymer ïrom a dihydrophthalate polyester. 
A polyester resin was prepared in the usual 
manner ïrom the ïollowing: 
440.0 parts soya off (I.50 mol) 
51.7 parts 98% glycerol (0.55 mol) 
0.17 part litharge (PbO) 
112.5 parts h - 1,4-dihych'ophthalic anhydride 
(0.75 mol) 10 
59.0 parts xylene 
The saine technic was used as in the case of 
polyesters ruade from the adduct of cyclopenta- 
diene with malec anhydride. Esterification 
was continued to an acid value of 14.7 or 16.2 15 
on the solids and an adduct grouping per mol of 
1.59. The viscosity at 25 ° C. was 915 centistokes. 
Exampte 47 
Styrene copolymer of Example 46 polyester. 20 
330.0 parts polyester from Example 46 
300.0 parts styrene 
120.0 parts xylene 
9.0 parts cumene hydroperoxide 25 
Polyester and styrene were copolymerized ac- 
cording fo the general procedure given in 
ample 5, folloved by addition of 83 parts of 
xylene to rhin. The following physical proper- 
ries vere round: 30 
Non-volatile content ........ 68.2% 
Viscosity (25 ° C.) ........... Between Z4 and Z5 
( Gardner scale) 
Color ..................... 4 (Gardner) 
35 
This resin solution was a perfectly homogeneous 
material like the other copolymers obtained from 
cyclopentadiene-maleic adduct resins; if was also 
much like the latter in performance as a coating 
vehicle. 40 
Exampe 48 
Polyester from he cyclopentadiene adduct of 
fumaric acid. 
A polyester was prepared from the ïollowing 
charge: 45 
440.0 parts soya off (0.50 mol) 
51.7 parts 98% glycerol ({/.55 mol) 
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Example 50 
Polyester prepared from the adduct of cyclo- 
pentadiene and chlormaleic anhydride. 
A polyester was prepared from the following 
charge: 
440.00 parts soya off (0.50 mol) 
51.70 parts 98i glycerol (0.55 mol) 
0.17 part litharge 
49.5 parts dicyclopentadiene (0.75 equivalents) 
99.5 parts chlormaleic anhydride (0.75 mol) 
64.0 parts xylene 
The esterification technic.of Example 1 was fol- 
lowed fo an acid value of 16.6 on solids basis, re- 
sulting in a polyester having a calculated value 
of 1.53 adduct groups per molecule. Viscosity 
(25 ° C.) was 493 centistokes. 
Example 51 
Copolymer of styrene and chlormaleic adduct 
polyester. 
330.0 parts polyester of Example 50 
300.0 parts styrene 
120.0 parts xylene 
9.0 parts cumene hydroperoxide 
The copolymerization technic of Example 5 was 
followed yielding a copolymer solution which 
after the addition of 83 g. of xylene had 66.8% 
non-volatile and a viscosity of between T and 
U (Gardner scale). 
If bas been previously mentioned that poly- 
esters made exclusively from conjugated fatty 
acids are difllcult to prepare because of Iikelihood 
for gelation, particularly when reacted fo a low 
acid number. For example in preparing a poly- 
ester by the procedure described in Example 1, 
but substituting an equivalent amount of de- 
hydrated castor off about 30 per cent of the acids 
present as glycerides therein being of the conju- 
gated type, for the soya off, a polyester was ob- 
tained which gelled when reacted fo an acid hum- 
ber of less than 20. Moreover a sample of such 
polyester removed prior to gelation when ie- 
acted with styrene in the presence of a suitable 
solvent resulted in almost immediate gelation of 
the reaction mass shortly after being heated to 
a refiuxing temporature. 

0.17 part litharge 
136.5 parts cyclopentadiene adduct of fumaric 
acid (0.75 mol) 
60.0 parts xylene 
Esterification technic of Example 1 was followed 
fo an acid value of 14.6 or 16.0 on solids basis 
and having 1.59 adduct groups per mol. Vis- 
cosity af 25 ° C. was 586 centistokes. 
Exampte 49 
Styrene copolymer of polyester from Ex- 
ample 48. 60 
330 parts polyester from Example 48 
300 parts styrene 
120 parts xylene 
9 parts cumene hydroperoxide 65 
The copolymerization technic of Example 5 was 
followed but gelation occurred af about 60% sty- 
rene conversion, indicating that the trans-delta- 
4-3,6-endomethylene-tetrahydrophthalic unsatu- 
ration is more reactive than the cis-delta-4-3,6- 70 
endomethyIene-tetrahydrophthalic. To prevent 
gelation if would be necessary either fo increase 
the solvent concentration of the copolymerization 
reaction or fo reduce the functionality of the 
polyester resin or both. 75 

By replacing a major amount of the conjugated 
type of fatty acids with non-conjugated fatty 
acids, in the preparation of an adduct polyester 
resin, the resultant polyester resins do not readily 
gel when heated per se, or in copolymerization 
reactions with suitable vinyl monomers. This is 
fllustrated in the following examples wherein 
enough soya off was employed in admixture with 
the dehydrated  castor off to reduce the ammmt 
of available .conjugated type fatty acids upon 
ester exchange to less than 20 per cent of the 
total fatty acid content. 
Exampte 52 
Polyester with 72 per cent of the fatty acid 
content being of the conjugated type. 
A cyclopentadiene-maleic adduct polyester was 
prepared in accordance with the method de- 
scribed in Example 1 by first heating together: 
330.00 parts dehydrated castor off (0.375 mol) 
990.00 parts soya oil (1.125 mols) 
155.00 parts 98% glycerine (1.65 mols) and 
0.52 part litharge (PbO) 
to effect an ester exchange reaction. There were 
then added 145 parts xylene, 151 parts dicyclo- 
pentadiene (2.29 mois), and 220 parts malelc an- 
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hydride (2.25 mols), and: the mixture thon re- 
acted by heating to. its. atmospheric refluxihg 
temperature until a polyester was obtained ha- 
ing an acid number value of 15.3 and a calcu- 
lated average of 1.62 cyclopentdiene maleic ad-, 5 
duct groups per polyester molecule. 
Example 53 
Styrene copolymer made from the soya-dehy- 
drated castor oil modified, polyester of Exam- 10 
ple52. 
A styrene copolymer was prepared by heating 
fo ifs atmospheric refluxing temperature a ho- 
mogeneous solution cormising of the following: 
324.0-parts by weight polyester fi'om Example 52 15 
3000 parts.by weight styrene 
2090 parts.by weight xylene 
9:0 parts by weight cumene hydroperoxide 
Copolymerization was effected by holding ai ai- 20 
mospheric reflux (139°-i44 ° C.) and adding the 
peroxide eatalyst in six equal portions, ai. hourly 
intervals, the batch being thon held ai 144 ° C. 
for an additional hour after the last increment 
of peroxide. The copolymer thereby obtained 25 
was a homogeneous viscous fluioE having the fol- 
lowing physical properties: 
Non-volatile content= ........ 68,5% 
Viscosity (25 ° C.) ............ Z6 (Gar4uer scale) 
Color ....................... 4 çardnerscale) 30 
As the amount of conjugated type fatty acids 
employed in the preparation of adduc polyesters 
is still further increased, the resultant polyesters 
require the presence of. increasingly larger 35 
amom]ts of solvant fo prevent gelation hen re- 
acted vith a suitable vinyl monomer. This is 
illustrate4 in the two. subsequenç examples de- 
scribing preparation of an addct polester i 
which about 15 per cent by Weight of the total 40 
amount oï fatty acids areof the conjugated 
type, anoE the copolymerizatión of such iolyester 
wi.th styrene. 
Exampe 5 
,ai polyester was prepared employing thè. tech- 45 
hic described in Example 1 with the following 
quantifies of reactants: 
660 parts by weight dehydrated castor oil (0.75 
mol) 
50 
60 parts by weight soya oil (0.75 mol) 
0.52 part by weight litharge (PbO) 
155 parts by weight 98% glycerol (1.65. mols) 
1.45 parts by weight xylene 
151 parts by weight dicyclopentdiene (2.29 mols) 55 
220 parts by weight maleic anhydride (2.25. mols) 
The abo-¢e were reacted to yield a viscous poly- 
e-ster having an acid number value of 15.0 (on 
the solids) and a caleutated adduct group con- 
tant per polyester molecule of 1.64. 60 
Exam9le 55 
Equal weights of the polyester of Example 54 
and. Styrene were diluted to 40 per-cent con- 
centration with xylene and thon reacted by boat- 65 
ing to its atmospheric refluxing temperature in 
the presence of curnene hydroperoxide in the 
same manner as àescribed in Exampte 53. A co- 
poIymer was obtained, which by solids determina- 
tion indicated over 90% of thé styrene ha4 co- 7O 
polymerized. 
When an attempt was marie to react equi- 
amounts of styrene and the polyester of Example 
54 in the presence of cumene hydroperoxide, but 
ai the higher con.centration o_f 72 per cent in 75 

xylene, gelation occur-red af, ter only 50, per cent 
of the styrene had been copolymerized. 
As previously describe4 and_ exemplil2ed herein, 
the dibasic acids employed in preparing the p.oly- 
aster resins useful for copolymerization vith: suit- 
able vinyl monomers can cormist entirely of the 
Plais-Aider dibasic adducts hitherto described 
and represented by X in the formula.. Alterna. tively a portion of the dibasic acids (represented 
by P in the formula for calculaing adduct 
groups) can. consist of dicarboxylic acids, which 
when esterilïed per. se with polyhydric alcohols. 
such as. glycol, glycerol and he like, yiel d poly- 
esters which are non-reactive, in the sense that 
no-copolymerizatión results when they are 
acted with vinyl monomers. Such dicarboxylic. 
acids include, the saturated aliphatic dicarb0xylic 
acids having the formula I-IOOC(Ct)nCOOI! 
where n fs a- whole number more. than one, for 
example, adipic, succinie or sebacic( Other dicr« 
boxylic acids which can be use4 for parially re- 
placing the dibasic adducts represented, by P in 
the formula, include phthalic acid or anhydride, 
or its derivatives such as chlorphthalic and homo- 
phthalic acid. Also useful in this connectïon are 
dimerized fatty acids such as dimerized linoleic 
acid, or the dibasic adducts, such as cis- or trans- 
delta-4«tetrahydrophthalic ,cid. Polyesters. of 
the hydrogenated adduct of cyclopentadiene_and 
maleic anhydride, 3,6-endomethylene hexahydro- 
phthalic anhydride, also lack reactiity With 
vinyl monomers, and hènce this. acid may be used 
as a modifying dibasic acid. 
The examples hitherto given have described 
copolymers containing between 25 and 75. pe cent 
of; reacted vinyl monomer and eonversely 75 and 
25 per cent polyester resin. This-range fs the 
most suitable when the copolymers are to be used 
in. coating applications or vehicles.. For other 
applications, adhesives, binders fo melding, ma- 
terial and other bonding applications, copolYmers 
in the range between 10 and 90 per cent inyl 
monomer to respectively 90 and 10 per centp01y- 
aster resin find utility. In general,.the copolymers 
of higher vinyl content are moe brit£1e, although 
the degree of brittleness varies with the specific 
vinyI monomers, for instm\ce, .at the Same con- 
centration, an ethyl acrytate copolymer is coh- 
siderably more flexible than a styrene cop01ymer. 
For the purposes of this application the poly- 
esters may be lepared with either the acid. or 
anhydrile forms of the dibasic adduet, nd simi- 
larIy the modiIying dicarboxytic acids as illus- 
tráted in the examples may be in the anhydri;de 
f0rm, since equi-alent products are obtained in 
either case. 
Wnat fs claimed fs: . . 
1. A fusibie soluble c0potymer of  çI). à vinyl 
monomer having the formula CH-----CHI Where.l 
fs a group having unsaturation in conjugation 
with the CH----CH group and selected from the 
group cormisting o aryl, heterocyclic, carbalkoxy, 
carboxy, ketonic, nitrile nd amido, nd (2) a 
fusible polyester of a polyhydric aIcohol c0esteri- 
fied with the fatty acids present as glycerides in 
fatty oils, said acids being selected from group 
consisting of saturated acids and unsatUrated 
non-conjugated acids, and with a dibasic adduct 
selected from the group consisting of delta-l,4- 
dihydrophthalic acid and the Diels-Alder adducts 
o.f a ciolefine selected from the group consisting 
o, d.icyc!opentadiene and cyclopentadiene and an 
aci4ic reactant selected fr0m the groupconsisting 
ol the acids and anhydrides of muleic, chloro- 
maleic and fumaric; said polyester having a cal- 
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culated fatty oil content of af least 50 per cent 
by weight and an average of between one and 
three diacyl residues of said adduct per polyester 
molecule. 
2. A fusibte soluble copolymer of (1) a vinyl 
monomer having the formula CH2CHR where R 
is a group having unsaturation in conjugation 
with the CI-I-CH group and selected from the 
group cousisting of aryl, heterocyclic, carbalkoxy 
carboxy, ketenic, nitrfle and amido, and (2) a 
fusible polyester of a polyhydric alcohol coesteri- 
fled with the ïatty acids present as glycerides in 
fatty oils, said acids being selected from group 
consisting of saturated acids and unsaturated 
non-conjugated acids, and with a dibasic adduct 
selected from the group consisting of delta-l,4- 
dLhydrophthalic acid and the Diels-Alder adducts 
of a dioleflne selected from the group consisting 
of, dicyclopentadiine and cyclopentadiini and 
an acidic reactant selected from the group con- 
sisting of the acids and anhydrides of maleic, 
chloromaleic and fumaric; said polyesterhaving 
a calculated fattY off content of at least 50 per 
cent by weight and an average of between one 
and three adduct residues per polyester molecule 
and said copolymer containing between 25 and 
75 per cent of the vinyl monomer copolymerized 
with between 75 and 25 per cent respectivety of 
the polyester. 
3. A fusible soluble copolymer of styrene and a 
fusible polyester of a polyhydric alcohol coesteri- 
fled with the fatty acids present as glycerides in 
fattY oils, said acids being selected from group 
consisting of saturated acids and unsaturated 
non-conjugated acids, and with the Diels-Alder 
dibasic adduct of cyclopentadiene and an acidic 
reactant selected ïrom the group consisting of 
maleic acid and maleic anhydride, said polyester 
having a calculated fatty off content of at least 
50 per cent by weight and an average of between 
one and three adduct residues per polyester 
molecule. 
4. A fusible soluble copolymer of (1) a vinyl 
monomer having the formula CI--CHR where R 
is a group having unsaturation in conjugation 
with the CI-----CH group and selected from the 
group consisting of aryl, heterocyclic, carbalkoxy, 
carboxy, ketenic, nitrile and amido, and (2) a 
fusible polyester of a polyhydric alcohol coesteri- 
fied with (a) the fatty acids present as glycerides 
in fatty ofls, said acids being setected from group 
consisting of saturated acids and unsaturated 
non-conjugated acids, (b) a dicarboxylic acid 
which when per se esterified with polyhydric 
alcohol yields a polyester which does hot co- 
polymerize wiçh vinyl monomers, and (c) a di- 
basic adduct selected from the group consist- 
ing of delta-l,4-dihydrophthalic acid and the 
Diels-Alder dibasic adducts of a diolefine se- 
lected from the group consisting of, dicyclo- 
pentadiene and cyclopentadiene and an acidic 
reactant selected from the group consisting of the 
acids and anhydrides of maleic, chloromaleic and 
fumaric, said polyester having a calculated fatty 
off content of at least 50 per cent by weight, and 
an average of between one and three residues 
of said adduct per polyester molecule. 
5. A fusible soluble copolymer f (1) a vinyl 
monomer having the formula CH2-CHR where R 
is a group having unsaturation in conjugation 
with the CH,--CH group and selected from the 
group consisting of aryl, heterocyclic, carbalkoxy, 
carboxy, ketonic, nitrile and amido, and (2) a 
polyester of castor off esterified with a dibasic 
adduct selected from the group consisting 
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delta-l,4-dihydrophthalic acid and the Diels- 
Alder adducts of a diolefine selected from the 
group consisting of, dicyclopentadiene, and cyclo- 
pentadiene and an acidic reactant selected from 
5 the group consisting of the acids and anhydrides, 
of maleic, chloromaleic and fumaric; said POly-, 
ester having a calculated fatty off content of ai 
least 50 per cent by weight and a calculated aver- 
age of between one and three residues of said 
adduct per polyester molecule. 
6. Coating composition comprising a solution 
in an organic solvent of a copolymer of styrene 
and a fusible polyester of a polyhydric alcohol 
coesterified with the fatty acids present as glyc- 
15 erides in soya oil and the dibasic Diels-Alder 
adduct of cyclopentadiene and maleic anhydride, 
said polyester having a calculated fatty off con- 
tent of at least 50 per cent bY weight and an 
average of between one and three residues of said 
20 adduct per polyester molecule. 
7. Process which comprises copolymerizing in 
solution in an organic solvent (1) a vinyl mono- 
mer having the formula CH;CHR where 1% is a. 
group having unsaturation in conjugation with 
2 the CH----CH group and selected from the group 
consisting of aryl, heterocyclic, carbalkoxy, car- 
boxyl, ketonic, nitrfle and amido, and (2) a fusible 
polyester of a polyhydric alcohol coesterified with 
the fatty acids present as glycerides in fatty oflsT 
30 said acids being selected from group consisting of 
saturated acids and unsaturated non-corflugated 
acids and with a dibasic adduct selected from the 
group consisting of delta-l,4-dihydrophthalic 
acid and the Diels-Alder adducts of a diolefine 
35 selected from the group consisting of, dicyclo- 
pentadiene and cyclopentadiene and an acidic 
reactant selected from the group consisting of the 
acids and anhydrides of maleic, chloromaleic and 
fumaric, said polyester having a calculated fatty 
40 off content of ai least 50 per cent by weight and 
an average of between one and three residues of 
said adduct per polyester molecule, said solvent 
being a solvent for the resultant copolymer and 
being present during the copolyrnerization reac- 
45 tion in amount preventing gelation of the react- 
ants, said amount being between about 10 and 90 
per cent by weight of the reactant. 
8. Process according to claim 7 for copolymeriz- 
ing a vinyl monomer and a polyester, in which 
50 the copolymerization reaction is accelerated by 
incorporating a peroxide cata]yst in the reaction 
mixture. 
9. Process for copolymerizing styrene and a 
polyester which comprises heating te about re- 
55 fluxing temperatures a solution in a volatile or- 
ganic solvent of between 75 and 25 part by weight 
of styrene and between 25 and 75 parts respec- 
tively of a fusible polyester being the coesterifi- 
cation product of a polyhydric alcohol with the 
60 fatty acids present as glycerides in fatty oils, said 
acids being selected from group consisting of 
saturated acids and unsaturated non-conjugated 
acids, and the dibasic Diels-Alder adduct of cyclo- 
pentadiene and maleic anhydride, said polyester 
65 having a calculated fatty off content of at least 
50 per cent by weight and an average of between 
one and three residues of said adduct per poly- 
ester molecule, said solvent being also a soIvent 
for the resultant copolymer and being present 
70 during the copolymerization reaction in amount 
preventing gelation of the reactants, said amount 
being between about 10 and 90 per cent by weight 
of the reactants. 
10. Process which comprises copolymerizing a 
vinyl mon0mcr and a fusible fatty off modified 
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polyester by heating a solution of the monomer 
and polyester in an organic solvent which is a 
solvent for the resultant copolymer, said vinyl 
monomer having the formula CI----CHR where 1 
is a group having unsaturation in conjugation 
with the CH-----CH group and selected from the 
group consisting of aryl, heterocyclic, carbalkoxy, 
carboxy, ketonic, nitrfle, and amido, and said 
polyester comprising a polyhydric alcohol coester- 
ified with (1) a mixture of Ïatty acids present 
as glycerides in fatty oils, said mixture containing 
hot more than 20 per cent by weight of conjugated 
fatty acids (2) a dibasic adduct selected from the 
group consisting of delta-l,4-dihydrophthalic an- 
hydride and the Diels-Alder adducts of a diolefine 
selected from the group consisting of, dicyclo- 
pentadiene and cyclopentadiene and an acidic 
reactant selected from the group consisting of the 
acids and anhydrides of maleic, chloromaleic and 
fumaric, said polyester having a calculated fatty 
off content of ai least 50 per cent by weight and 
an average of between one and three residues 
of said adduct per polyester molecule. 
11. A coating composition comprising in solu - 
tion in an organic solvent a copolymer of 40 to 60 
per cent by weight of styrene and 60 to 40 per cent 
respectively of a fatty off modified polyester of 
a polyhydric alcohol coesterified with (1) the 
fatty acids present as glycerides in fatty oils, said 
acids being selected from group consisting of 
saturated acids and unsaturated non-conjugated 
acids, (2) phthalic anhydride and (3) the Diels- 
Alder dibasic adduct of cyclopentadiene and an 
acidic reactant selected from the group consisting 
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of maleic acid and maleic anhydride, said poly- 
ester having a calculated fatty off content of at 
least 50 per cent by weight and an average of 
between one and three diacyl residues of said 
adduct per polyester molecule. 
12. A fusible soluble copolymer of an alkyl 
acrylate and a fusible fatty off modified polyester 
of a polyhydric alcohol coesterified with the fatty 
acids present as glycerides in fatty oils, said acids 
being selected from group consisting of saturated 
acids and unsaturated non-conjugated acids, and 
with a dibasic adduct selected from the group 
consisting of delta-l,4-dihydrophthalic acid and 
the Diels-Alder adducts of a diolefine selected 
from the group consisting of, dicyclopentadiene 
and cyclopentadiene and an acidic reactant 
selected from the group consisting of the acids 
and anhydrides of maleic, chloromaleic and fu- 
maric, said polyester having a calculated fatty 
off content of at least 50 per cent by weight and 
an average of between one and three residues 
of said adduct per polyester molecule. 
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